: Dental caries is a chronic, multifactorial disease, with limited Background data available for the Egyptian population. The aim of this study is to assess the prevalence of dental caries among Egyptian children and adolescents in correlation with age, gender, body mass index, socioeconomic status, parental education, biological risk factors and dietary habits.
Introduction
Dental caries is a major public health issue and it is the most widespread chronic disease 1 . Deciduous tooth decay was ranked as the 12 th most prevalent condition, affecting 560 million children in the 2015 Global Burden of Disease Study 2 . Dental caries is a multifactorial disease, which can affect any age. It is highly related to and influenced by the patient's dietary habits, sugar intake, salivary flow, salivary fluoride level and preventive behaviors. These factors, together with time, promote the microbial residence in the accumulated dental plaque to initiate dental caries 1 .
In children, dental caries pattern depends on the timing of tooth eruption as well as harmful dietary habit. Therefore, age is considered as an important factor that affects dental caries prevalence in children 3 . Although caries is common, parents are infrequently concerned about oral health measures and usually poor oral health is linked with low socio-economic status 4 . Dental caries could only be prevented through addressing and changing the underlying etiological factors 5, 6 .
It has been estimated that about 60% to 90% of children at school age suffer from this chronic ailment 7, 8 . This percentage varies greatly in different population, with the incidence of dental caries in developing countries, including the Middle East, being much higher than its incidence in developed countries 9, 10 .
Despite the high prevalence of dental caries in the Egyptian population, only a few epidemiological studies of dental caries among Egyptians have been published. Moreover, most of the available data, are grey literature which are not available on common search engines [11] [12] [13] [14] [15] . The most recently published epidemiological study on the oral health status in Egypt was held by WHO in collaboration with the Egyptian Ministry of Health in 2014 16 . Moreover, most of the epidemiological studies focused on children 17, 18 and only one focused on adolescents 19 .
The prevalence of dental caries should be assessed continuously to plan and implement an efficient children oral health agenda and awareness programs for parents and school teachers in order to improve oral health. Therefore, this study was conducted to elucidate the prevalence of dental caries among Egyptian children and adolescence in correlation with age, socioeconomic level, dietary habits, oral hygiene measures and body mass index.
Subjects and methods
This study was carried out according to the regulations of the Research Ethics Committee of the Faculty of Dentistry, Cairo University, Egypt [Approval: 171217] . Written informed consent was obtained from children's parents or guardians to participate in the study. Verbal consent was taken from adolescents in addition to written consent from their parent/guardian. The subjects in this study were recruited from the outpatients' clinics of Faculty of Dentistry, Cairo University and from two private nurseries in Nasr City and Maadi from 15th November 2017 to 13th January 2018. The inclusion criteria were; Age: starting from 3 years to 12 years for the children group, from 13 years to 18 years for adolescence; Gender: Males & Females; Ethnicity: Egyptians. The exclusion criteria were; Previous history/current radiotherapy and/or chemotherapy; Subjects undergoing orthodontic therapy, which might preclude normal tooth brushing; Subjects who, in the opinion of the Investigator, may be non-compliant with study procedures.
Sample size calculation 2 2 2
(1 ) According to the following simple formula ( 1)
NZ P P n d N Z P P − ′= − + − 20 n' = sample size with finite population correction, N = children and adolescents population size (50,000,000), Z = Z statistic for a level of confidence which is conventional, Z value is (1.96). P = Expected prevalence (51.4%-70%) and d = Precision (5%, d = 0.05), the sample size for caries in children and adolescents was estimated 369. Children were classified according to their age into 5 groups; group I (3-5 years old); group II (5-7 years old); group III (7-9); group IV (9-12); group V (12-18). Moreover, they were categorized based on their socioeconomic status, into low, moderate and high groups based on (level of education and its type, guardians' occupation and address) 25 .
A Beurer scale (Ulm, Germany) was used to measure weights with individuals wearing clothing but no shoes. Standing heights were measured to the nearest 0.1cm using a stadiometer according to WHO, 1995 23 . Body mass index (BMI) thresholds were calculated from the measured height and weight 24, 25 . The obtained BMI values were plotted on age and gender-specific percentiles given by the Centers for Disease Control and Prevention 26 . Children were categorized into four groups based on their BMI percentiles; underweight (<5th percentile), normal group (≥5th -<85th percentile), overweight (≥85th -<95th percentile) and obese (≥95th percentile).
Oral examination
Prior to beginning of examination, authors (M.M.S., S.A.M, S.E., D.R., N.A., I.A.R.) were trained and caliberated over 3 sessions over 3 days. Differences in observations were discussed among the examiners for reassessment and to reach a consensus 19, 27 . Oral examination was carried out according to WHO criteria 28 on a dental chair in artificial light by using a plain mouth mirror and a dental probe. All present teeth were taken into consideration during the clinical examination 27 .
A tooth was considered carious when, any lesion in a pit or fissure or on a smooth tooth surface had a detectably softened floor, undermined enamel or softened wall, tooth surface containing temporary filling requiring further treatment and when a tooth surface containing a permanent restoration with an area of decay (either primary or secondary caries). Caries severity was measured for permanent teeth by DMFT index, which records the number of D (decayed tooth), M (missing tooth) and F (filled tooth). For primary teeth the dmft index was used; d (decayed teeth, m (missed teeth) and f (filled tooth). For mixed dentition deft index was used; d (decayed tooth indicated for filling), e (decayed tooth indicated for extraction) and f (filled tooth) 29 .
Statistical analysis
The statistical analysis was performed using R statistical package, version 3.3.1 (2016-06-21). For descriptive analyses, variables were described in terms of means, standard deviations (SD), medians and ranges. Shapiro-Wilk test for normality showed that all the studied parameters were not normally distributed. For comparative analysis, the non-parametric Kruskal-Wallis test was performed. Spearman's Correlation Coefficient was calculated for correlation analysis. Results were considered significant at a P value of ≤ 0.05. Figure 2 ) The highest mean deft was for children aged between 5 to 6 years old, children with low SES and children of patients with low level of parental education (5.51 ±3.28, 4.68 ±3.24, 4.62 ±3.25). The differences in medians were statistically significant for age and SES (p-value= 0.0013, 0.0277), while borderline insignificant for parental education (p-value=0.0542). Age, SES and parental education were inversely correlated with deft in children (Spearman's rho= -0.42, -0.19, -0.16, p-value<0.0001, 0.0123, 0.0354).
Results

I-Population profile
The highest mean deft was for females (4.34 ±3.41) and overweight children (4.73 ±3.65). The difference in medians was statistically insignificant (p-value>0.05) and correlation coefficients revealed no correlation between deft and either gender or BMI (Spearman's rho=0.01, 0.03, p-value=0.8758, 0.7132).
The highest mean deft was for children whose parents don't brush their own teeth (4.65 ±2.75), or their children teeth (5.3 ±3.34), or children who don't brush their own teeth (4.91 ±2.62). The difference in medians were statistically insignificant for parents own brushing frequency and brushing frequency to their children's teeth (p-value>0.05), while it was statistically significant for children's own brushing frequency (p-value= 0.0003). The correlation coefficient revealed no correlation between deft and parents own brushing frequency (rho= -0.14, p-value=0.0815), while inverse correlation with parents brushing frequency to their children's teeth and children own brushing frequency (rho= -0.17, -0.31, p-value=0.0456, 0.0001).
The highest mean deft was for children who consume candies, crackers, junk food, juices, citric juices and caffeinated drinks 1-6 times per day (4.86±3.27, 4.77±3.23, 4.78± 2.89, 5.02±4.06, 
Discussion
The high prevalence of dental caries is not only influenced by the biological factors that interact with the causative microorganisms, but it is also associated with socioeconomic, educational conditions and dietary habits 31 . Dental caries is considered a major public health problem in underdeveloped or developing countries like Egypt. Therefore, investigating the risk factors associated with it has become a major concern to researchers who seek strategies for controlling or preventing the disease.
31,32 .
This study investigated the prevalence of dental caries in a wide age range of children because as individuals grow, their dietary needs and habits constantly change. The prevalence of dental caries among Egyptian children was higher in primary dentition (dmft and deft) when compared to permanent dentition (DMFT), this is similar to what has been reported in India 33,34 . Deciduous teeth have a higher susceptibility to dental caries due to the lower calcium content and structural differences 35 . Moreover, caries in the primary dentition could be associated with under nutrition during early childhood. Macro and micro tooth morphology, chemical composition and eruption pattern could be affected by nutrients like vitamin A, vitamin D, calcium and phosphorus 36 .
In the current study, there was a significant positive correlation between dmft and age, which is in agreement with previous studies conducted in Brazil and Colombia among children aged between 3 to 5 years 37, 38 . On the other hand, age was inversely correlated with deft in Egyptian children as in mixed dentition period, the maintenance of oral hygiene is difficult due to shedding of primary teeth and pubertal changes.
Investigating the effect of gender on dental caries in the present study revealed that the mean dmft and DMFT of males were higher than those of females while the mean deft of females was slightly higher than that of males. Spearman's test revealed an inverse correlation between gender and dmft, while no correlation with deft and DMFT. This is similar to a study carried out in Kerala on children aged 12-15 years old, where boys and girls were almost equally affected by caries 39 , while differs from another cross-sectional study carried on 10-11 years old Italians, where a significant difference was found between DFT of boys (3.20) and DFT of girls (1.96) 40 . It has been demonstrated that dental caries prevalence switches from male to females with age, where in the 5-year-old age group 47.4% of children with caries were male, while 41.1% were female. On the other hand, in the 12-yearold age group the percentage was inversed (24.1% female versus 20.6% male) 41 .
Up to date there is a limited evidence clarifying the association between nutritional status and oral health. According to our results, there was no statistically significant correlation between BMI and any of the caries indices. This is inagreement with the findings from previous studies in Taiwan , concluded that underweight children were more likely to have caries which is in accordance with our findings where the highest mean dmft was recorded in underweight children (4.18±4.27). The recorded non significant correlation between DMFT and BMI is consistent with the findings of a previous study among adolescents aged 12 years in public and private schools in São Paulo State 45 , meanwhile, it is opposite to a study in a German elementary school 46 which reported an increase in the DMF with increased BMI. However, in the present investigation a positive association between BMI and deft was recorded, but this was not at a statistically significant level (p=0.9166) which is similarly reported by Elangovan et al.
47
.
Parents play a significant role in the development of their children's oral hygiene habits 48 . Parental education level, which is directly associated with socioeconomic status 49 , greatly affects the child's oral health 50 . In the current study, there was an inverse significant correlation between parental educational level, socioeconomic status and dmft in children which is in accordance with previous studies that reported this correlation in early years 44, 51, 52 . Low socioeconomic status is usually accompanied by poor dietary habits and unhealthy lifestylesthat contribute to the development of dental caries [53] [54] [55] [56] [57] . Meanwhile, parents with high socioeconomic and education levels start taking care of their children's dental health before their second year of life and help them brush their teeth, as reported in a German cross-sectional study 58 . As the child grows, the parental impact decreases and parents may totally lose their control on the child's dietary habits and oral hygiene measures. This explains the non-significant correlation between DMFT and parental education, as well as socioeconomic level. Moreover, it has been reported in a study carried out on Indian adolescences that area of residence appears to be a significant determinant for an adolescent to be caries/decay free. Psychosocial and behavioral factors do not mediate the same association 59 . Since, parents' attitude is the principal social force influencing the child's development in the early childhood years, therefore parental oral health beliefs and practices may be helpful in the prevention of oral health diseases such as caries 60 . This is concomitant with our findings where dmft and deft in Egyptian children were correlated to parental brushing to the child and with the child's own brushing frequency. Children who received oral health education from their parents started to brush their teeth at an earlier age which revealed better dental health 61 .
Studies that aim to establish the relationship between eating habits and the development of caries preferentially use frequency of food consumption questionnaires such as that employed in our study 62, 63 . The relationship between the development of carious lesions and dietetic factors has been investigated since the 1940s. It has been suggested that the relationship between sugar intake and the development of carious lesions is currently different from that documented in the past decades, since dental health has improved greatly in the developed countries, with no parallel decrease in the consumption of sugar and cariogenic foods 64 .
The prevalence of dental caries in view of our results was significantly positively correlated with chocolate, candies and crackers consumption. A direct linkage between sugar intake and caries has been reported previously as cariogenic bacteria grow with the presence of fermentable carbohydrates 65, 66 . Higher chocolate consumption led to increased caries indices which is consistent with the results from other studies 67, 68 . Consumption of candies more than once per week, besides insufficient oral hygiene measures have been claimed to be risk factors for caries development in primary and permanent dentition 69 . Candies remain on the tooth surface for hours and don't have any nutritional value 70 .
Citric juices were also found to be positively correlated with dental caries in primary teeth in Egyptian children. Hydroxyapatite crystals start to dissolve when the pH reaches 5.5 and enamel begins to be at risk of decalcification. Subsequently, acidic drinks have been reported to play a significant role in the pathogenesis of dental erosion [71] [72] [73] [74] [75] .
The inverse significant correlation between fruits/vegetables consumption and caries agrees with a study which recorded that dental caries prevalence was higher in non-vegetarians in comparison with vegetarians 76 . This correlation could be attributed to a lesser tendency for sweets between meals in vegetarians compared with non-vegetarians 77 . In addition Egyptian children who consumed milk more frequently had lower caries experience. Milk has low cariogenic potential and contains cariostatic factors against dental caries 78 . Studies showed that milk contains potential caries protective factors as calcium, phosphorus and casein 79, 80 . The variability of milk consumption manner and other factors may result in a positive association between milk and dental caries occurrence 80 . This was proven when the frequency of milk consumption did not show a significant association with caries (DMFT).
The insignificant correlations recorded in the current work between all dental caries indices and bread, other carbohydrates, junk food, jam, molasses, honey and juice consumption could be referred to the cross-sectional design of the study. The cross-sectional study may not accurately reflect the true dietary habits of the children before the dental caries occurred since old dietary habits may be responsible for the current development of caries 81 .
Soda consumption frequency recorded a non-significant correlation with dental caries. This disagrees with past studies which have reported positive correlation between soft drinks and dental caries [82] [83] [84] . Although sugars in soft drinks lead to drop in the pH of dental plaque and saliva, salivary components can neutralize the acids within 20-30 minutes raising the pH of plaque to its resting level 85 . Despite the fact that no correlation was found between caffeinated drinks consumption and caries, it was reported that polyphenols in coffee and tea can reduce the cariogenic potential of foods 86 . Coffee is active against Streptococcus Mutans, the organism causing dental caries. Roasted coffee also has anti-adhesive properties. In this manner, it prevents adhesion of Streptococcus Mutans to the teeth 87 .
Finally it could be concluded that in primary dentition, the caries incidence in Egyptian children was positively correlated with candies and crackers while inversely correlated with SES, parental education, brushing frequency of the parent to the child, brushing frequency of the child to him/herself and fruits/ vegetables consumption. In permanent dentition DMFT was only significantly positively correlated with age and chocolates.
The World Health Organization emphasizes the need public health solutions for prevention of dental caries. Therefore, the following recommendations based on the results of the current study should be added to the WHO policy measures 88 to promote the reduction of dental caries prevalence in Egypt: 1-Candies and crackers should be prohibited for children before 12 years old; 2-Children should be encouraged to eat fruits and vegetables; 3-Awareness campaigns should be carried out to encourage the parents to brush their children's teeth and to encourage the children to brush their own teeth.
The non-significant differences and lack of correlations between some caries indices and risk factors could be attributed to the small sample size, with a larger set of samples they may have reached statistical significance. In addition, a larger population from different governorates may have allowed broader diversity for better representation for Egyptian population.
Data availability
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In the recommendations, should be age related young children should different from from adolescence because of different dietary habits and oral health and age group Is the work clearly and accurately presented and does it cite the current literature? Yes Is the study design appropriate and is the work technically sound?
1.
Is the study design appropriate and is the work technically sound? Yes This study investigated the dental caries prevalence among Egyptian children and adolescents in association with different risk factors.
At the beginning, I would like to congratulate the authors for attempting to undertake this work, due to data shortage or even lack of data regarding this subject. I found it very interesting and of valuable additional knowledge.
The manuscript is well-written and well-structured. The relationships between different caries indices, SES and parental education haven't been investigated before among Egyptian children. Moreover, this is the first work that deals with the correlation between cariogenic and non cariogenic dietary elements with the caries indices among Egyptian children.
The discussion is well written covering all the study results. The data from this work could be used to make regression analysis to identify the causative risk factors.
However, the paper is clear substantially easy to read but still there are suggested minor comments the author could deal with, or discuss for additional impact.
The results are given in full details, the great amount of data make it difficult for the reader to 
